Previous studies have reported promising results regarding the effect of repeated virtual cue exposure therapy on nicotine dependence. This study aimed to compare the effectiveness of virtual cue exposure therapy (CET) and cognitive behavioral therapy (CBT) for nicotine dependence. Thirty subjects with nicotine dependence participated in 4 weeks of treatment with either virtual CET (n = 15) or CBT (n = 15). All patients were male, and none received nicotine replacement treatment during the study period. The main setting of the CET used in this study was a virtual bar. The primary foci of the CBT offered were (a) smoking cessation education, (b) withdrawal symptoms, (c) coping with high-risk situations, (d) cognitive reconstruction, and (e) stress management. Daily smoking count, level of expiratory carbon monoxide (CO), level of nicotine dependence, withdrawal symptoms, and subjective craving were examined on three occasions: week 0 (baseline), week 4 (end of treatment), and week 12 (follow-up assessment). After treatment, the daily smoking count, the expiratory CO, and nicotine dependence levels had significantly decreased. These effects continued during the entire study period. Similar changes were observed in both virtual CET and CBT groups. We found no interaction between type of therapy and time of measurement. Although the current findings are preliminary, the present study provided evidence that virtual CET is effective for the treatment of nicotine dependence at a level comparable to CBT.
Introduction
N icotine dependence, the most prevalent and deadly substance use disorder, involves compulsive use in the face of adverse consequences and repeated cycles of abstinence and relapse. 1 Of the numerous factors associated with treatment outcome, craving is considered a primary trigger for relapse. 2 Additionally, environmental stimuli (contextspecific stimuli or cues) that are repeatedly associated with cigarettes are known to promote compulsive smoking. 3, 4 Craving and cue reactivity have been conceptualized as classically conditioned responses. 5 Cue exposure therapy (CET) is based on the assumption that environmental stimuli that are repeatedly associated with a drug can come to elicit conditioned responses that lead to craving and relapse. 6 CET for nicotine dependence is based on the notion that prolonged and repeated nonreinforced presentation of smoking cues (conditioned stimuli) will result in a gradual diminution of craving (conditioned response) through Pavlovian extinction learning. 7 CET, however, is limited in terms of the environmental cues that can be simulated and the degree to which immersion experiences can be presented. Furthermore, it has shown decreased efficacy over time. 8 Thus, a virtual reality (VR) variation on cue exposure treatment (VR-CET) has been developed as an alternative to CET. 9 VR is an evolving technology that produces interactive environments with stereoscopic, three-dimensional (3D) visual displays, auditory input, and immersive interaction from a first-person perspective. 10 A previous study used virtual paraphernalia or avatars smoking at parties or in bars, selecting the situation to be recreated as an ad hoc virtual environment. 11 Recent studies have shown the effectiveness of VR extinction for reducing cue-elicited craving, and have demonstrated that this approach is more effective in eliciting conditioned responses than are conventional methods such as traditional slides or videos.
counseling such as problem solving/skills training/stress management, and (b) providing support and encouragement as part of treatment. Cognitive behavioral therapy (CBT) is suitable to meet these aims, and favorable outcomes and positive effects have been reported. 15, 16 However, no study has compared effectiveness of CBT with that of VR-CET, despite empirical evidence that has been accumulated. [17] [18] [19] In this preliminary study, we aimed to compare the effectiveness of short-term VR-CET with that of CBT for subjects with nicotine dependence. We hypothesized that the effectiveness of VR-CET would be comparable to that of conventional CBT for nicotine dependence.
Materials and Methods

Participants
Thirty participants who smoked cigarettes daily and showed at least a moderate nicotine dependence level based on the Fagerströ m Test were enrolled. All participants were male and treatment seeking. Subjects were recruited via the smoking cessation clinic at the SMG-SNU Boramae Medical Center, and none received nicotine-replacement treatment or any other medications during the study period. Exclusion criteria included the following: known history of alcohol or drug abuse/dependence other than that involving nicotine; neurological disease or brain injury; evidence of medical illness that could manifest in psychiatric symptoms; and psychiatric disorders confirmed by the Structured Clinical Interview for DSM-IV. 20 This study was conducted in accordance with the Declaration of Helsinki. The Institutional Review Boards of the SMG-SNU Boramae Medical Center approved the study protocol, and all subjects provided written informed consent prior to participation.
Procedure
Before the experimental intervention, data on demographic characteristics, medical history, and smoking behavior (daily smoking count and typical locations for smoking) were collected from participants. All subjects with nicotine dependence participated in four weekly treatment sessions under one of two conditions: VR-CET (n = 15) or CBT (n = 15). Both treatments were conducted once a week for 4 weeks. After the end of each session, the researchers administered the Fagerströ m Test for Nicotine Dependence (FTND), Questionnaire of Smoking Urges (QSU), and expiratory carbon monoxide (CO) level to each subject. Participants who completed the four-session treatment visited the clinic on a monthly basis as a follow-up interview and engaged in simple counseling. Questionnaires and rating scales were completed on three occasions: week 0 (baseline), week 4 (end of treatment), and week 12 (follow-up assessment). Subjects in the two groups were demographically matched (Table 1) .
Measures
Expiratory CO concentration. The expiratory CO concentration is the CO level remaining in the alveoli after smoking. We used a Micro CO Meter (Cardinal Health, Chatham, UK), which is a hand held battery operated device used to measure the concentration of CO on the breath and calculates the percentage of carboxyhaemoglobin (%COHb) in the blood. Daily smoking counts and expiratory CO levels were monitored to determine whether participants smoked during the study. Smoking cessation success or failure was determined based on information provided by the subjects at weeks 4 and 12, and verified by expiratory CO levels p6.
Nicotine dependence level. The FTND was used to measure the participants' dependence on nicotine. 21 This measure, which consists of six questions, is strongly correlated with pulse rate, body temperature, and cotinine levels, the primary metabolite of nicotine. Scores range from 0 to 10; scores of 3-6 are considered to reflect a moderate level of nicotine dependence, and those higher than 7 are considered to reflect a severe level. Participants with at least a moderate dependence (scores of 4 and higher) were included in this study.
Withdrawal symptoms. The Minnesota Nicotine Withdrawal Scale (MNWS) is a 15-item self-report questionnaire used to assess withdrawal symptoms. It has been validated in multiple studies and demonstrated sensitivity to abstinence symptom and good reliability and validity. 22 Subjective craving. A 32-item self-report version of the QSU was administrated to assess subjective craving. 23 A twofactor solution best described the item structure of the QSU. The first factor consisted of a strong desire and intention to smoke and a perception that smoking is rewarding for active smokers. The second consisted of an anticipation of relief from negative affect associated with an urgent desire to smoke.
Intervention
Condition 1: VR-CET. Participants allocated to the VR-CET group experienced four serial VR cue exposure environments in a 3D surround screen projection room equipped with real time psychophysiological response monitoring. The primary focus of the VR used in this study was a ''virtual bar'' because bars are the most frequent smoking environment according to the results of a previous survey. 17 Only those participants who reported that their urge to smoke was most powerful in situations involving alcohol were assigned to this condition. The treatment procedure was as follows. Researchers configured the four different VR environments (a, neutral cue; b, smoking-related objects; c, social situation related with smoking; d, neutral cue). Participants were exposed to this series of environments for approximately 25 minutes per visit. After each environment ended, participants were asked to check the severity of nicotine craving using a mouse button. The detailed information about VR-CET, including a screenshot of the virtual bar, was described in the previous report. 17 Condition 2: CBT. In a systemized smoking cessation clinic, psychosocial treatments commonly utilized are based on the CBT approach. In this study, four sessions of the CBT protocol were used, which researchers reconstructed within the framework of adequate treatment based on the previous literature. 24, 25 The primary foci of the CBT offered were (a) smoking cessation education, (b) withdrawal symptoms, (c) coping with high-risk situations, (d) cognitive reconstruction, and (e) stress management. Participants received individual CBT from a psychiatrist at a smoking cessation clinic in the SMG-SNU Boramae Medical Center, and none received nicotine replacement treatment or any other medication during the study period.
Statistical analysis
All statistical analyses were conducted with SPSS v17.0 (SPSS Inc., Chicago, IL). A repeated measures analysis of variance (ANOVA) was used to analyze changes in the target variables as a function of the treatment condition. Bonferroni post hoc correction was used to compare mean differences between measurements taken at different times. Chi-square tests were used to analyze differences in the success and failure rates under both conditions. Statistical significance was set at 0.05 (two-tailed).
Results
Repeated measures ANOVAs revealed significant reductions in daily smoking count, expiratory CO levels, and level of nicotine dependence as the study proceeded. As shown in Table 2 , we found main effects for time of measurement (week 0, 4, or 12) on daily smoking count, expiratory CO levels, and level of nicotine dependence, and post hoc analysis confirmed that every score recorded at week 4 (end of treatment) was significantly lower than its baseline counterpart ( p = 0.00). No significant interaction between measurement time and treatment condition was observed (Table 2) . Moreover, subjective cravings decreased as the study proceeded, although these differences were not statistically significant. With regard to nicotine withdrawal symptoms, we found a main effect of MNWS scores but no significant interaction between treatment group and time of measurement. Post hoc pairwise comparisons confirmed the significant increase in withdrawal symptoms at the end of 4 weeks of treatment ( p = 0.00), but these symptoms decreased to below baseline levels after 12 weeks ( p = 0.05). After 4 weeks, 10 out of 15 participants in the VR-CET group succeeded in maintaining their nonsmoking status; as did 11 of the participants in CBT group. Until the research was completed (week 12), seven of the participants in the VR-CET group were successful in quitting, and eight of the participants in the CBT group maintained their abstinence. Chi-square analyses revealed no significant differences between the groups in the distribution of participants who had successfully stopped smoking (week 4: v 2 = 0.16, p = 0.69; week 12: v 2 = 0.13, p = 0.71; Fig. 1 ).
Discussion
To our knowledge, the present study is the first to compare the effectiveness of VR-CET and CBT for treating nicotine dependence. In this study, both therapies were offered in a short-term format, and weekly changes under the two conditions were compared. We found that significant decreases in daily smoking counts, levels of nicotine dependence, and expiratory CO levels of both groups were observed after 4 weeks, and these changes continued until the study terminated (week 12). Second, significant increases in nicotine withdrawal symptoms of both groups were reported after 4 weeks of therapy, but these values 
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returned to baseline levels at week 12. Finally, two-thirds of the participants succeeded in maintaining their nonsmoking status at the end of treatment (week 4), and almost half the participants maintained their abstinence until the research was completed. Similar trends were observed among those in both groups. Despite the existence of empirically validated psychological and pharmacological treatments for nicotine dependence, 26 high relapse rates underscore the need to develop more effective strategies for maintaining abstinence. Our results show that both VR-CET and CBT are effective treatment modalities for nicotine dependence. Even more importantly, VR-CET was associated with a significant treatment effect that was similar to the effect of CBT.
Of the treatments used for smoking cessation, CBT is typically selected in practice. CBT focuses on cognitive restructuring, education, self-monitoring, and practical coping strategies aimed at successful smoking cessation. Due to the nature of the approach, CBT devotes a large amount of time to education during the early stage of treatment. However, this sometimes reduces the immediacy of the treatment and poses barriers to early engagement. Ensuring the expertise of practitioners remains challenge and time-cost considerations are also present.
In this context, VR-CET has emerged as a new treatment for smoking cessation. This approach involves repeated exposure to nicotine-related cues with the goal of reducing cue reactivity via extinction. Actual cue exposure is the core treatment element of CET, and no techniques of active exposure took place in CBT, thus establishing a clear difference between the two approaches. 27 It is easier to validate the contents in VR-CET, and the administration procedure is simple as well. Although previous studies have noted the limitations of this approach related to the restricted variety of stimuli presented and individual differences in cue reactivity, 28 virtual reality makes it possible to recreate the complexity of a smoking environment. This may increase realism and enhance participants' motivation by using scientifically and ecologically validated contexts and cues. This is reflected in the previous research that patients favored CET with regard to usefulness and practicability of treatment contents. 27 These factors may render treatment more effective.
On the other hand, no significant changes in subjective cravings were found. This result may be explained by the following considerations. First, the intervention performed in this study was short term. Duration of intervention may not be sufficient to achieve extinction through repeated exposures in the CET model or for new coping skills to become habitual in the CBT model. Second, a selection bias may have affected the results for the VR-CET condition. As mentioned earlier, those who experienced the strongest urge to smoke in drinking situations were assigned to the VR-CET group, and the only smoking cue used for this group FIG. 1. Changes in smoking-related variables at baseline, week 4, and week 12 in the VR-CET and CBT groups. VR-CET, virtual reality-cue exposure therapy; CBT, cognitive behavioral therapy; CO, carbon monoxide; *p < 0.05 significant mean difference compared to baseline.
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was alcohol related. It would be expected that the urge to smoke would decrease in a drinking situation. However, generalization to other situations would be surprising. Future research should identify and test a variety of smoking cues and situations.
One important concern in the study is the absence of a control group of smokers not involved in VR or CBT treatment, which may lead to the question of whether this change was due to time course or the real effect of the treatment itself. However, we tried to exclude the effect of time course indirectly. Previous research revealed that specific types of counseling and behavioral treatment yielded a statistically significant increase in abstinence rate relative to no contact (untreated control condition).
14 Some limitations of the present study should be pointed out, such as the small sample size and the inclusion of only male participants. A possible bias might be the motivation of the subjects involved in the study, which could have been higher than subjects saying that they wanted to stop without a strong motivation. These factors limit the generalizability of the results. However, we included only drug-naive participants. It is important to recruit a homogeneous sample to control for confounding factors such as medication and sex.
Conclusions
Although the underlying therapeutic mechanisms differed, the two treatments examined here were both effective for smoking cessation. This result may suggest the potential of constituting a new treatment modality. Future research is needed to evaluate the possible combined effect of both treatments and to explore the possibility of combining VR-CET incorporating a variety of smoking-related stimuli with components of CBT.
